Abstract: Thymus persicus (Ronniger ex Rech. f.) Jalas is a valuable and endangered natural source of antitumor pentacyclic triterpenoids, i.e., betulinic acid, oleanolic acid and ursolic acid, which grows in northwest Iran. As the plant has a low propagation rate in nature, a suitable method for in vitro-propagation is needed. With the aim of identifying a suitable system for regenerating T. persicus via direct organogenesis, Murashige & Skoog (MS) medium supplemented with different plant growth regulators (PGRs) was tested. In vitro-grown shoot tips were exposed to the cytokinins 6-benzylaminopurine (BAP), kinetin (KN), and thidiazuron (TDZ), alone or in combination with the auxins 1-naphthalene-acetic acid (NAA), 2,4-dichlorophenoxyacetic (2,4-D), indole-3-butyric acid (IBA) and indole-3-acetic acid (IAA). The highest shoot formation (7.1 ± 0.9) was obtained with a medium fortified with 8.9 µM BAP plus 2.7 µM NAA. Regenerated shoots were easily rooted on the different tested media, with the most abundant (16.6 ± 1.4) and strongest roots obtained on half-strength MS medium containing 2.5 µM IBA. The rooted plantlets were successfully acclimatized (76.6%) in a greenhouse before transference to natural conditions. Homogeneity and phytochemical productivity of the in vitro regenerated plantlets were confirmed by random amplified polymorphic DNA (RAPD) profiles and high performance liquid chromatography (HPLC), respectively.
Introduction
The genus Thymus L. belongs to the Lamiaceae family and consists of over 300 species of herbaceous annuals and perennials widely distributed throughout the Old World (Morales 2002) . Thymus species serve as a natural source of monoterpene-phenolic oils, oleoresins, and fresh and dried herbs (Lawrence & Tucker 2002) and have been used for many centuries in traditional medicine due to their antiseptic, carminative, antimicrobial, antiviral and antioxidative properties (StahlBiskup 2002) .
Thymus is represented in the flora of Iran by 14 species, 4 of which are endemic, including Thymus persicus (Ronniger ex Rech. f.) Jalas, which is restricted to some regions of northwest Iran (Jalas 1982) . Bacterial susceptibility and the chemical composition of T. persicus essential oil have been reported (Rasooli & Mirmostafa 2003) . The aerial part of T. persicus is also interesting as a source of pentacyclic triterpenoids (PTs) derived from a squalene precursor. Betulinic acid (3β-hydroxy-lup-20(29)-en-28-oic acid, BA), oleanolic acid (3β-hydroxyolean-12-en-28-oic acid, OA), and ursolic acid (3β-hydroxyurs-12-en-28-oic acid, UA) are highly sought-after PTs (Fig. 1 ) because of their wide spectrum of biological activities. They are most highly regarded for their anti-inflammatory, hepatoprotective, antimicrobial, anti-HIV-1 activity, antiulcer, gastroprotective, hypoglycemic, antihyperlipidemic activity and specific cytotoxicity against a variety of tumor cell lines (Huang et al. 1994; Jie 1995; Liu 2005) . PTs naturally occur in the raw plant materials such as berries, leaves, flowers, and fruits.
Owing to over-exploitation of wild plants for commercial purposes and a low propagation rate in nature, T. persicus is now almost extinct and is listed as an extremely vulnerable species in Iran (Jalili & Jamzad 1999) . There is an obvious need to develop an efficient regeneration system for effective conservation and rapid multiplication in order to replenish highly impoverished
In vitro propagation and phytochemical assessment of Thymus persicus populations. Tissue culture offers a viable approach to propagate this species since it can also be used as a complimentary strategy for conservation and utilization of genetic resources. Further, in vitro plant regeneration through axillary bud culture is an easy and economic way of obtaining a large number of consistently uniform and true-to-type plants within a short span of time. Recently developed in vitro propagation techniques offer high-rate multiplication alternatives for plants of horticultural, economical and medicinal importance (Pati et al. 2006; Deb & Pongener 2012) , as well as medium-to long-term conservation of valuable germplasm by means of slow growth storage and cryopreservation (Previati et al. 2008) . In vitro-propagation protocols have already been established for Thymus species such as T. vulgaris and T. longicaulis (Ozudogru et al. 2011) , T. piperella (Sáez et al. 1994) , and T. lotocephalus (Coelho et al. 2012) . However, to date, the in vitro-propagation of the rare endemic T. persicus has not been reported.
The aim of the present study was to develop an effective micropropagation protocol for T. persicus explants, both mature (shoot tips collected from wild mature plants) and young (shoot tips excised from in vitrogerminated young seedlings). Mother stock was selected for its content of valuable PTs. The availability of effective micropropagation protocols will ensure the production of plants genetically identical to the selected donor plant and will facilitate the commercial production of PTs as anticancer compounds. In this experiment, the reliability of the in vitro propagation protocol regarding the genetic homogeneity and phytochemical productivity of the produced plantlets was examined by RAPD (Williams et al. 1990 ) and HPLC (Wang et al. 2008 ).
Material and methods

Plant material and chemicals
Seeds and one-year-old mature plant shoot tips of T. persicus were collected from wild growing plants in the village of Baderloo (36 • 28 N, 47 • 13 E at an altitude of 2500 m), Takab in northwest Iran. A voucher specimen of the plant (MPH-1673) has been deposited at the Herbarium of Medicinal Plants and Drugs Research Institute (MPH), Shahid Beheshti University, Tehran, Iran.
Basal media salts, vitamins, sucrose, agar, PGRs, HPLC grade methanol and standards of BA, OA, and UA were purchased from Merck (Darmstadt, Germany) and Sigma (Sigma-Aldrich Corporation, MO, USA). Methanol and phosphoric acid of analytical grade were obtained from Merck (Darmstadt, Germany). HPLC grade water was used throughout the analysis.
In vitro seed and shoot tip culture establishment T. persicus seeds were soaked in 70% ethanol for 1 min and surface-sterilized with 1% (v/v) of commercial bleach (5% sodium hypochlorite) for 8 min, followed by three rinses in sterile distilled water. Seeds were aseptically sown in glass Petri dishes (10 cm inner diameter) on half-strength MS medium (Murashige & Skoog 1962) containing 1% (w/v) sucrose and incubated in the dark at 25 ± 2 • C. Three days after sowing, seedlings were transferred to full-strength MS medium containing 3% (w/v) sucrose and then incubated under a 16-h photoperiod provided by cool-white fluorescent lamps at a photon flux density of 40 µmol m −2 s −1 at 25 ± 2 • C. Shoot tip segments isolated from seedlings were used for the subsequent proliferation assays.
Shoot segments of wild growing T. persicus about 3 cm long were washed thoroughly under running tap water for 30 min, soaked in 70% (v/v) ethanol for 30 min and then decontaminated by an 8-10 min treatment with 1% commercial bleach containing a drop of Tween-80, followed by rinses in sterile distilled water. The segments were then cut into 1-1.5 cm-long shoot tip explants and used for in vitro propagation trials. All MS media were solidified by adding 0.8% (w/v) agar, and the pH was adjusted to 5.6-5.8 before autoclaving. The explants were aseptically cultured in glass jars with transparent lids containing 30 ml MS solid medium and were incubated in a growth chamber at 25 ± 2
• C under a photoperiod of 16 h.
Shoot multiplication
Initially, in order to assess the effect of PGRs on the proliferation of T. persicus shoots, MS medium was supplemented with the three cytokinins (KN, BAP and TDZ) at different concentrations and the effective concentrations were selected. Shoot tip explants of T. persicus, excised from both in vitro-germinated seedlings and wild growing plants (1-1.5 cm), were cultured on MS medium supplemented or not with BAP (2.2, 4.4, 6.6, 8.9, 11.0 or 13.3 µM), KN (2.3, 4.6, 7.0, 9.2, 11.5 or 13.8 µM), or TDZ (2.2, 4.5, 6.7, 9.1, 11.2 or 13.5 µM), and were maintained by monthly subcultures to fresh medium of the same type. Cytokinin type and concentration was then tested in combination with auxins 0.1, 0.5, or 1.0 mg L −1 IAA (0.6, 2.9 or 5.7 µM), IBA (0.5, 2.5 or 4.9 µM), NAA (0.5, 2.7 or 5.4 µM) or 2,4-D (0.4, 2.2 or 4.5 µM) to determine the best in vitro proliferation conditions. Both the shoot length and the number of nodes per shoot were measured after 6 weeks.
In vitro rooting and acclimatization of plantlets Multiple elongated shoots (2-2.5 cm) harvested at the end of the proliferation stage were transferred to half-strength MS medium supplemented or not with IAA (0.6, 2.9 or 5.7 µM), IBA (0.5, 2.5 or 4.9 µM), NAA (0.5, 2.7 or 5.4 µM) or 2,4-D (0.4, 2.2 or 4.5 µM) for shoot rooting. Shoots were considered rooted when at least one adventitious root of at least 0.3 cm in length was produced. Following this period, the rooting percentage, mean root number and mean root length per plantlet were measured. Rooted plantlets (with more than 4 roots and average root length exceeding 10 mm) were excised from the culture glass jars and transplanted to plastic pots containing a mixture of peat + perlite (1:1; v/v), kept in a growth chamber and maintained at 19 ± 2 • C and 70% relative humidity (RH) under a 14 h photoperiod. After 4 weeks, they were transferred from the pots to the greenhouse for further growth for 2 weeks and irrigated with tap water after every 3 days. Plantlets with well-developed roots were further maintained in the greenhouse under normal day length at 22 ± 2 • C during the day and 18 ± 2 • C at night, and RH which was initially set at 70% and was decreased to 50% during the acclimatization period.
Statistical analysis
All experiments had a completely randomized design. Each experiment was repeated three times with 10 replicates, each containing 5 shoot tips. The cultures were observed periodically and morphological changes were recorded at regular intervals. Data of in vitro proliferation were recorded 4 weeks after culture initiation and consisted of shoot proliferation percentage, mean shoot number, mean shoot length and the SFC index (Lambardi et al. 1993) . Rooting data were evaluated 6 weeks after transfer of elongated shoots onto the rooting medium, and consisted of rooting percentage, mean root number, mean root length and the RFC index. SFC and RFC indices were calculated as follows, SFC/RFC = (average no of shoots/roots per regenerating explant) × (% of regenerating explant)/100
Data were analyzed by one-way analysis of variance (ANOVA) and the mean values of different treatments were compared by the least significant difference (LSD) test calculated at the confidence level of P ≤ 0.05 using the SAS statistical package (Version 9.1.3).
Evaluation of genetic homogeneity by RAPD
Genomic DNA from young leaves of mother plant, in vitro-regenerated plantlet derived from in vitro-germinated seedlings and five randomly selected ofin vitro-regenerated plantlets derived from shoot tips of mother plant was extracted using a 'DNeasy Plant Mini Kit' (QIAGEN GmbH, Germany). DNA concentration was determined by biophotometer (Eppendorf, Hamburg, Germany) and checked for integrity on 1% (w/v) agarose gel. Eight arbitrary RAPD primers (Operon Technologies, Alameda, CA, USA) i.e., OPB-03 (5-CATCCCCCTG-3), OPB-07 (5-GGTGACGCAG-3), OPB-12 (5-CCTTGACGCA-3), OPC-01 (5-TTCGAGCCAG-3), OPC-03 (5-GGGGGTCTTT-3), OPC-04 (5-CCGCATCTAC-3), OPI-18 (5-GGTGACGCA G-3) and OPR-06 (5-GTCTACGGCA-3) were used for DNA amplification by polymerase chain reaction (PCR). PCR amplification was performed in a 25 µL reaction volume, containing 2 µL DNA (50 ng/µL), 1 µL primer (10 pmol), 10.5 µL Taq DNA polymerase master mix Red (Amplicon, Cat. No. 180301, 150 mM Tris-HCL pH 8.5, 40 mM (NH4)2SO4, 3.0 mM MgCl2, 0.4 mM dNTPs, 0.05 units/µL Amplicon Taq DNA polymerase, inert dye and a stabilizer) and 11.5 µL sterile distilled water. Amplifications were performed in a thermocycler (Eppendorf, Hamburg, Germany) using the following PCR program, 4 min initial denaturation step at 94 • C for a final extension. A reaction mixture devoid of genomic DNA was used as a negative control. All the PCR reactions were repeated twice. Amplified products were submitted to and separated by electrophoresis (Bio Rad Co., USA, 80 V for 150 min) in a 1.5% agarose (Biomol GmbH, Hamburg, Germany) and 1 × TBE buffer. PCR products were visualized by DNA green viewer (100 µL L −1 ) and photographed under UV light by the Gel Doc system (Bio Rad Co., USA). The size marker used was 1 kb DNA Ladder Mix (Fermentas Co., Ontario, Canada).
Extraction and HPLC analysis Extraction of BA, OA and UA and their analyses were carried out as described previously (Wang et al. 2008) . A Knauer liquid chromatography apparatus consisting of a 1000 Smartline Pump, a 5000 Smartline Manager Solvent Organizer and a 2800 Smartline Photo-diode Array Detector was used for the HPLC analysis. Injection was through a 3900 Smartline Autosampler injector equipped with a 100 µL loop. The temperature control of the column was done with a Jet Stream 2 Plus oven (Knauer, advanced scientific instrument, Berlin, Germany). Separation was achieved on a 25 cm × 4.6 mm with a pre-column, Eurospher 100-5 C18 analytical column provided by Knauer (Berlin, Germany). Data acquisition and integration was performed with EZchrom Elite software. MeOH-phosphoric acid-water was employed as the mobile phase with a flowrate of 1 mL min −1 . Peaks were monitored at 210 nm wavelength. Injection volume was 20 µL and the temperature was maintained at 25
Results
In vitro seed germination of T. persicus The decontamination protocol used here was found to be effective for T. persicus seeds, collected from wild growing plant ( Fig. 2A) , with all seeds remaining free of contamination after this treatment. Decontaminated seeds were then germinated and grew in vitro (Fig. 2B ).
Germination in vitro produced 85% germination rate 3 days after sowing.
Effect of cytokinins on shoot proliferation
Shoot tip explants cultured on MS medium without cytokinins failed to proliferate even after 4 weeks of inoculation, while 100% of the shoots showed proliferation capacity in MS medium supplemented with different concentrations of the tested cytokinins. Variation in the percentage of regeneration and number of shoots was observed. The response of shoot tip explants to the various concentrations of cytokinins (BAP, KN and TDZ) in multiple shoot formation is represented in Table 1 . Cytokinin type (average bold values in Table 1) and the applied concentrations significantly influenced the formation of multiple shoots, BAP being the most effective. The highest rate of multiple shoot formation was obtained from shoot tip segments cultured on MS medium supplemented with 8.9 µM BAP. This enabled an 83.3% shoot proliferation and produced an average of 4.4 ± 0.3 healthy shoots longer than 0.8 cm per regenerating explant. Decreasing the BAP content 
Free PGRs ( by half produced only a slight decrease in shoot proliferation percentage (75.0%) and mean shoot number (3.4 ± 0.3). On the contrary, increasing the BAP concentration had a detrimental effect on in vitro proliferation, evident especially in terms of shoot proliferation percentage (33.3%-66.7%), mean shoot number (1.5 ± 0.6-1.7±0.5) and SFC index (0.5-1.2). 4.4 µM BAP was also effective for inducing multiple shoot formation (3.4 ± 0.3), although the regeneration rate (75.0%) and hence the SFC index (2.5) were lower than under 8.9 µM BAP. Supplementing the proliferation medium with KN or TDZ resulted in a less satisfactory shoot proliferation than with BAP. The highest regeneration rates were only 67.0% and 68.0% when the medium contained KN and TDZ, respectively.
Effect of auxins on shoot proliferation
The interactions of the optimal concentration of BAP (8.9 µM) with various concentrations of IAA (0.6, 2.9, 5.7 µM), IBA (0.5, 2.5, 4.9 µM), NAA (0.5, 2.7, 5.4 µM) or 2,4-D (0.4, 2.2, 4.5 µM) were also evaluated statistically in terms of their effect on the rate of multiple shoot induction (Table 2) . BAP in combination with NAA enhanced the regeneration percentage, shoot number and shoot length, whereas IAA, IBA and 2,4-D did not improve the evaluated parameters. Among the various concentrations tested, addition of NAA to the MS medium containing BAP increased the average shoot proliferation percentage (62.4% vs. 77.8%), mean shoot number (2.7 ± 0.6 vs. 5.1 ± 0.7), mean shoot length (0.5 ± 0.04 cm vs. 1.1 ± 0.06 cm) and SFC index (4.0 vs. 1.7). Addition of NAA (2.7 µM) had no effect on the average shoot proliferation percentage in shoot tip explants of T. persicus, but increased the mean shoot number (4.4 ± 0.3 vs. 7.1 ± 0.9), mean shoot length (0.8 ± 0.03 cm vs. 1.2 ± 0.09 cm) and SFC index (3.7 vs. 5.9). However, by far the best conditions for shoot proliferation were obtained by the medium with the hormonal formulation, which enabled the proliferation of 7.1 ± 0.9 shoots per regenerating explant and resulted in a very high SFC index (5.9) (Fig. 2C) . Callus proliferation was also observed when the medium was supplemented 2,4-D at different concentrations (Fig. 2D) .
In vitro rooting and acclimatization of plantlets Healthy elongated shoots were excised and placed on half-strength MS basal medium supplemented with different concentrations of IAA (0.6, 2,9, 5.7 µM), IBA (0.5, 2.5, 4.9 µM), NAA (0.5, 2.7, 5.4 µM) or 2,4-D (0.4, 2.2, 4.5 µM) for the induction of roots. The effect of auxins on both root induction and root length was examined after 6 weeks of culture, and IBA was found to be the most effective for root induction (Table 3). High frequency rooting (100%) and mean root number (16.6 ± 1.4) with a length of 1.0 ± 0.03 cm were obtained on the medium containing 0.5 mg L −1 IBA (Fig. 2E) . Decreasing the IBA concentration from 2.5 to 0.5 µM reduced the number of roots per shoot. Increasing the concentration of 2,4-D was unfavorable for adventitious root formation, and half-strength MS medium supplemented with 4.5 µM 2,4-D was the only composition without any noticeable rooting. Additionally, 56.2% rooting was obtained on half-strength MS medium without any plant growth regulators. Plantlets with more than four roots longer than 10 mm were transferred to ex vitro conditions and acclimatized. After hardening in a soil mixture of peat moss and perlite (1:1) for three weeks, regenerated T. persicus plantlet survival was over 80%, but the rate then decreased as some plants died in the 4-5 weeks following their transfer to soil. It was observed that T. persicus requires a very gradual acclimatization of in vitro grown plants to the external environment. Seventy-six percent of the plants transferred to pots survived and resumed growth (Fig. 2F) .
Determination of genetic homogeneity and stability by RAPD analysis Here, RAPD was used to compare T. persicus in vitro regenerated plantlets derived from both shoot tips of in vitro seedlings and the mother plant, not only for their homogeneity but also their genetic stability during micropropagation conditions. Twelve primers were initially investigated, 8 of which produced informative and reproducible bands (4-9 bands per primer), ranging from approximately 270 to 3,500 bp in size. The 8 primers produced a total of 47 scorable bands, with an average of 5.87 per primer, which were monomorphic across all the analyzed in vitro-regenerated plantlets originating from shoot tips of the mother plant (Fig. 3) . All the tested primers generated polymorphic bands containing the genomic DNA of in vitro regenerated plantlets from shoot tips of T. persicus in vitro Fig. 3 . RAPD marker analysis generated by the primers OPB-03 (A), OPC-01 (B), OPC-07 (C), and OPR-06 (D). Lane L corresponds to 1 kb DNA ladder; Lane Mo, DNA from mother plant; Lanes 1-5, DNA from randomly selected regenerated plantlets; Lane S, seed plantlet and NC, negative control. seedlings, showing the reliability of the technique in determining genetic diversity in wild growing plants.
HPLC quantification of BA, OA and UA in the mother plant and in vitro regenerated plantlets HPLC analysis revealed the presence of triterpene acids in the in vitro regenerated T. persicus plantlets as well as their mother stock. Fig. 4 shows the typical chromatograms corresponding to the authentic standard compounds (Fig. 4A) , the aerial parts of the mother plant (Fig. 4B ) and the in vitro regenerated plantlets derived from both the shoot tips of the mother plant (Fig. 4C ) and in vitro seedlings (Fig. 4D) . The amount of BA, OA, and UA in the plant material extracts of both mother plant and in vitro regenerated T. persicus plantlets were calculated from the standard equations and are listed in Table 4 . Our results revealed that the in vitro regenerated T. persicus plantlets were as effective in producing BA, OA and UA as their mother plant.
Discussion
Incorporation of cytokinins promoted the induction of shoot proliferation in shoot tip explants of T. persicus. Shoot tip and nodal explants are generally preferred for micropropagation of most of the plant species due to the presence of pre-existing meristems, which can be easily developed into shoots. Such shoots also maintain clonal fidelity (Vincent et al. 1992) . Of the cy- tokinins tested, BAP was found superior to KN and TDZ for shoot formation from the explants. It can be concluded that the application of BAP induced and increased bud formation during the initiation stage. BAP has been also reported to be more effective than other cytokinins for multiple shoot formation in other Thymus species such as T. piperella (Sáez et al. 1994) , and T. sipyleus Boiss. (Baba Erdag & Yurekli 2000) . In the present investigation, KN and TDZ showed poorer response for shoot organogenesis. A combination of two or more different types of growth regulators is usually required for successful in vitro shoot proliferation of the Lamiaceae family, with the cytokinin-auxin interaction considered to be the most effective for regulating plant growth (Ozudogru et al. 2011) . Here, shoot tip explants cultured on various concentrations of auxins (IAA, IBA, and 2,4-D) alone or in combination with BAP showed poor response for shoot formation. Of the various hormonal combinations tested, addition of NAA to the MS medium containing BAP increased the average shoot proliferation, mean shoot number, mean shoot length and SFC index. In the present study, the only exception to the beneficiary effect of auxins was observed when the medium was supplemented with 2,4-D. In addition to decrease in vitro shoot proliferation and SFC, this auxin also gave rise to undesired callus growth at the basal ends of shoot tip explants when its concentration exceeded 0.4 µM. Shoots sub-cultured on rooting half-strength MS medium containing IBA produced a mass of numerous fibrous, thin roots at the base of the shoots within 6 weeks of culture. The frequency of rhizogenesis on auxin-containing media was higher than in auxin-free media. In many species, including Lavandula vera, rooting frequency is higher when shoots are rooted on lowstrength MS medium (Andrade et al. 1999 ). In our study, full-strength MS medium containing auxins resulted in a very poor rooting response (data not shown), but well-developed roots were achieved within 18-20 days on half-strength MS medium supplemented with IAA, IBA and NAA with a reduced sucrose concentration (2%). The rational behind the favorable effect of a reduced macronutrient concentration is that a much lower concentration of nitrogen ions is needed for the formation of roots than shoots (Driver & Suttle 1987) . It should be noted that in other studies the maximum rooting of Thymus species has been observed when shoots were cultured on hormone-free half-strength MS medium (Coelho et al. 2012) .
Plant tissue culture is associated with the occurrence of somaclonal and genetic variability, which was first defined by Larkin and Scowcroft (1981) . Shoot tip culture is considered to be less prone to genetic instability (Nehra & Kartha 1994) induced by in vitro conditions, e.g., stress, nutrition and PGRs treatments (Modgil et al. 2005) . While various studies report an incidence of genetic alterations among in vitro-propagated plantlets (Gimenez et al. 2001) , many others describe the maintenance of genetic stability (Javounhey et al. 2000) .
Numerous molecular markers are available for the detection of such alterations at the DNA level, RAPD being the most commonly used since it requires only small amounts of template DNA. Many RAPD studies have been conducted on micropropagated plants and genetic stability in mother plants and those grown from tissue culture (Chawdhury & Vasil 1993; Saha et al. 2012; Dam et al. 2013) . It has recently been applied to detect genetic stability in micropropagated Cuphea procumbens Orteg. (Fatima et al. 2012) and Celastrus paniculatus as an endangered medicinal plant (Senapati et al. 2013) . In the present study, RAPD markers revealed a polymorphism among in vitro regenerated plantlets derived from shoot tips of T. persicus in vitro seedlings and the mother plant. The polymorphism in plantlets derived from in vitro seedlings could be explained by the fertilization system of T. persicus, which, like other Thymus species, is considered to be the result of cross-pollination. Our results revealed that the direct micropropagation protocol optimized in the present study is useful for T. persicus germplasm conservation, as it does not seem to interfere with the genetic integrity of the regenerated plantlets.
The increasing demand for useful secondary metabolites has intensified the application of biotechnological methods to reproduce high-yielding plants under controlled growing conditions and/or to obtain homogenous and stable genotypes. A growing interest in the development of efficient protocols to micropropagate certain species of Thymus has also been evident in recent years, sometimes correlated with the production of higher terpenoids and phenolic constituents (Ozudogru et al. 2011; Wang et al. 2011) . In our study, we have developed a protocol to micropropagate T. persicus plants and we have verified their ability to produce valuable PTs. BA, OA and UA have been detected and quantified in some wild growing members of the Lamiaceae (Razborsek et al. 2008 ) It has also been suggested that the yield of secondary metabolites in tissue culture plantlets could be relatively higher than in in vivo plants (Karam et al. 2003) . A higher quantity of triterpene acids in the wild-growing mother plant than in the in vitro regenerated T. persicus plantlets could be attributed to climatic fluctuations, which may result in an inconsistent metabolite production.
Based on our results we can conclude that our study provides an excellent reproducible protocol for in vitro cloning of T. persicus as a potent natural source of antitumor pentacyclic triterpenes. This protocol can also be used for the mass production of T. persicus plants, thus contributing to the conservation of this endangered and valuable medicinal species in the wild. Its application will facilitate research into the enhanced production of antitumor compounds through different biotechnological strategies, like plant cell, tissue and organ cultures, and large-scale cultivation in bioreactors.
